Purpose-To determine health related quality of life (QOL) during and after neoadjuvant chemoradiotherapy and surgery for patients with pancreatic adenocarcinoma.
scores were compared to baseline. Change >10% was considered a minimal clinically important difference.
Results-Of 71 participants in the trial, 55 were eligible for QOL analysis. Compliance ranged from 32-74%. EORTC-QLQ C30 global QOL did not significantly decline after neoadjuvant therapy, while, the FACT G, showed a statistically but not clinically significant decline (−8, P = 0.02). This was in parallel to deterioration in physical functioning (−14.1, P = 0.001), increase in diarrhea (+16.7, P = 0.044) and an improvement in pancreatic pain (−13, P = 0.01) as per EORTC-PAN26. Due to poor patient compliance in the non-surgical group, long-term analysis was performed only from surgically resected participants (n=36). Among those, global QOL returned to baseline levels after 6 months, remaining near baseline through the 24-month visit.
Conclusions-
The study regimen consisting of 2 cycles of neoadjuvant therapy was completed without a clinically significant QOL deterioration. A transient increase in gastrointestinal symptoms and a decrease in physical functioning were seen after neoadjuvant chemoradiation. In those patients who underwent surgical resection, most domains returned back to baseline levels by 6 months.
BACKGROUND
Approximately 20-30% of patients who undergo pancreatectomy for pancreatic adenocarcinoma do not receive adjuvant therapy, often due to slow recovery following surgery. While adjuvant chemotherapy and/or radiotherapy has been shown to improve local recurrence and survival, it is associated with treatment related morbidity and mortality [1] [2] [3] [4] . Neoadjuvant therapy increases the likelihood that patients will receive chemotherapy and radiation, without incurring delays resulting from postoperative recovery. Further, the potential for therapy related downstaging of the primary tumor might allow higher rates of margin-negative resection, a particularly important issue in borderline resectable cases [5] . Specific benefits for the incorporation of neoadjuvant radiation therapy include the ability to treat with smaller radiotherapy volumes thus limiting toxicity. By limiting toxicity, neoadjuvant radiation therapy can be delivered concurrently with full dose chemotherapy [6, 7] .
The impact of neoadjuvant chemoradiation on the quality of life (QOL) of patients with pancreatic cancer is not known, as prospective QOL data in this patient population is limited. Given the short life expectancy of these patients and the high potential for treatment related toxicity, it is important to understand how QOL can be affected during and following completion of neoadjuvant treatment. Preservation of function and well being in everyday life has become a key component of the health care goals for cancer patients [8, 9] . This is especially important in the neoadjuvant setting where deterioration of health-related QOL and performance status may impact patients' ability to tolerate a major pancreatectomy. The working hypothesis of this study was that global QOL did not decrease from baseline to reevaluation after 2 cycles of neoadjuvant chemoradiation.
METHODS

Study design
This is a sub-study of a prospective multi-institutional phase II trial. [10] Patients with untreated pancreatic adenocarcinoma consented to receive neoadjuvant chemoradiation with full dose gemcitabine and oxaliplatin with accrual occurring between July 2007 and February 2010. Eligible participants were required to have pathologic confirmation of pancreatic adenocarcinoma and resectable or borderline resectable staging based on the National Comprehensive Cancer Network guidelines [11] . Eligibility criteria also included: a Zubrod performance status of ≤ 2 with no previous chemotherapy or radiotherapy and adequate bone marrow, liver and kidney organ function. [10, 12] To be eligible for the QOL sub-study, participants were required to have adequate knowledge of English. Ethics approval was obtained from each institution participating in this trial.
Treatment plan
Gemcitabine 1000 mg/m 2 was infused over 30 minutes on days 1, 8 and 15 of a treatment cycle. Oxaliplatin 85 mg/m 2 was infused following gemcitabine over 90 minutes on days 1 and 15. Radiation therapy was given concurrently during cycle 1 of chemotherapy, five times a week with a total dose of 30 Gy in 15 fractions over 3 weeks. Three-dimensional planning was used, limiting the target volumes to gross disease with a 1-cm margin, allowing no elective lymph node irradiation. If participants were deemed resectable at restaging, surgery was performed 2-4 weeks after the last chemotherapy dose. If the participant were considered not resectable, he or she would continue to cycle 3 and 4 of chemotherapy. If participants underwent resection, two additional cycles of adjuvant gemcitabine and oxaliplatin was recommended. Patients were followed for up to two years. After recurrence, patients were encouraged to complete quality of life questionnaires until the end of follow-up.
Quality of Life
We utilized the European Organization for Research and Treatment in Cancer Quality of Life Questionnaire version 3.0 (EORTC-QLQ C30) [13, 14] , the EORTC-PAN 26 module [15] , and the Functional Assessment of Cancer Therapy Hepatobiliary & Pancreatic subscale (FACT-Hep) to measure changes in QOL [16] [17] [18] . Two scales were used to measure changes in global health related QOL; the FACT global health measure (G), which consists of four health related QOL dimensions: physical well being (consisting of seven items), social well being (seven items), emotional well being (six items) and functional well being (seven items) [17] and the EORTC-QLQ C30 global health / QOL domain (consisting of only two items). Changes in functioning and symptoms were measured using the EORTC-QLQ C30 and PAN 26. These do not generate a summary score; rather each scale is individually scored, ranging from 0 to 100, with functioning subscales defined such that higher scores represent better QOL and symptom subscales defined such that higher scores indicate more symptoms (worse QOL). The disease specific module -Hepatobiliary Cancer Subscale (FACT-Hep HCS) -(consisting of 18 items) was used as an independent assessment of concerns related to hepatobiliary cancers.
Questionnaires were administered at baseline and at re-evaluation following completion of cycle 2 of neoadjuvant therapy before surgery. Thereafter QOL data was solicited from all patients (resected and non-resected) at 6 months after the initiation of the treatment protocol and at 6-month intervals until 24 months.
Quality of life compliance
Compliance was calculated as the percentage of QOL-eligible patients alive at each study time-point. [19] 
Data Analysis
Characterizing the change in global QOL from baseline to re-evaluation after 2 cycles of neoadjuvant therapy was the primary outcome. The QOL outcomes measured included the EORTC-QLQ C30 global health score and the physical and emotional functioning scales; the FACT G, the FACT-Hep HCS and the EORTC-PAN26. The minimal clinically important difference (MCID) in overall quality of life was defined as a 10% change, which corresponds to a 10-point difference in the FACT G or in the EORTC-QLQ-C30 global health scale. In order to detect the MCID with at most 5% type I error and 80% power, a sample size of at least 21 paired patient responses was required. [20, 21] In order to estimate changes in the continuous QOL outcomes, linear, mixed-effects, repeated-measure models, were constructed with the within subject correlation expected to follow an autoregressive structure. Mean estimates and 95% confidence intervals were calculated for each study measurement point. P values at or below 0.05 were considered statistically significant.
RESULTS
Patient description
There were 71 participants enrolled onto the clinical trial. The QOL component of this study was started after 7 participants were already included into the trial. Of 64 potential participants eligible for QOL, 57 completed at least one QOL instrument and 55 were included in the final analysis ( Figure 1 ). All further references below relate to these 55 participants. Table 1 shows the QOL compliance for the entire population. Participants who underwent curative surgical resection were more likely to have longitudinal QOL measurements after baseline and to comply with the 6-month and beyond QOL questionnaires. Of 19 participants who were not resected, QOL compliance at 6 months was 26% (5/19) and at 24 months, 15% (2//13). Due to this poor compliance, analysis was divided into two components for two different populations: those who completed 2 cycles of neoadjuvant therapy and those who underwent successful R0 or R1 resection. Data from non-resected participants contributed to the assessment of the neoadjuvant period but was excluded from analysis thereafter. (Figure 1 )
Quality of life after two cycles of neoadjuvant therapy
There was a trend to reduced global QOL as measured by the EORTC-QLQ C30 global health domain between the baseline assessment and re-evaluation after 2 cycles of neoadjuvant therapy. The decrease in global QOL as measured by the FACT G (−8.4, P = 0.02) met statistical but not clinical significance criteria ( Table 2 ). The EORTC physical functioning subscale −14.1, P = 0.0014) showed a definite change, reaching both the statistical and the clinical significant threshold.
The hepatobiliary cancer subscale of the FACT-Hep remained similar throughout neoadjuvant therapy and the pancreatic pain subscale (EORTC PAN-26 −12.7, P = 0.01) significantly decreased, suggesting less reported pain after adjuvant therapy than before ( Table 2) .
As discussed in our previous paper, baseline global quality of life was associated with improved survival in the multivariate analysis (P < 0.05). [10] Quality of life following successful resection Following successful resection, global QOL as measured by the EORTC-QLQ C30 global health domain (Figure 2a ) and the FACT G (Table 3) Changes in the FACT-Hep HCS were not significantly different however there was a trend towards improved quality levels by 12 months, which remained similarly unchanged up to the 24-month visit ( Table 3 ). Other symptoms that increased significantly following neoadjuvant full dose chemotherapy with conformal RT (both clinically and statistically) were diarrhea (+14, P < 0.001), limb weakness (+ 24, P = 0.001) and fatigue (+19, P = 0.003), reaching a peak level at 6 months and returning back to baseline at 12 months and beyond.
DISCUSSION
There is limited literature evaluating the impact of neoadjuvant therapy on QOL in pancreatic cancer [16] . This prospective analysis examined the QOL outcomes of patients with pancreatic adenocarcinoma who received neoadjuvant full dose gemcitabine and oxaliplatin with concomitant conformal radiation, followed by surgery and two postoperative cycles of chemotherapy [10] . Our results indicate that while this neoadjuvant treatment protocol is associated with an initial decrease in global health-related QOL, it was generally well tolerated and patients were able to undergo resection with an acceptable level of QOL. In patients who went on to curative surgical resection, the decrease in global QOL observed after 2 cycles of neoadjuvant therapy gradually returned back to baseline levels within 6 months of initiation of treatment and was preserved for up to 24 months.
We suspect that one of the main determinants of changes in global QOL (EORTC-QLQ C30) in those who underwent 2 cycles of neoadjuvant therapy was physical functioning. This subscale of the EORTC-QLQ C30 demonstrated a statistical and clinically significant decrease.
The summary measures of the FACT G did not show a clinically significant change. On the other hand, specific item subscales from the EORTC-PAN 26 module, such as diarrhea, fatigue and limb weakness did demonstrate a clinically and statistically significant, while transient worsening. [21] Our findings are consistent with the results published by Short et al, where the impact of 6-month adjuvant chemoradiotherapy did not decrease QOL compared to baseline using the EORTC-QLQ-C30 and PAN26. [22] The instrument of choice for determining QOL changes in the neoadjuvant setting has not yet been clearly determined [23, 24] . The scales utilized in this study complement each other and give robust information on symptoms and how they affect patients' QOL. The FACT-Hep with its many component questions and subscales, is theoretically more sensitive in detecting QOL changes in patients with hepatobiliary diseases while the EORTC-QLQ C30 -global QOL scale (with only two items) provides a multidimensional QOL assessment that may be easier for clinicians to use in directing therapy based on a single score. This is the most probable reason for its widespread use in most large clinical trials. [13, 16] Compliance was one of the major limitations of our study; it proved adequate in the reevaluation visit after cycle 2 of neoadjuvant therapy, but it decreased thereafter. This was primarily due to the fact that patients who were not resected for medical reasons or for cancer progression did not complete QOL questionnaires -presumably as a result of poor state of health and emotional despair and/or discharge to community hospital or palliative care for follow-up at the time of recurrence. This limitation shared by most longitudinal QOL studies in patients with terminal cancer such as pancreatic cancer. This compares to other major pancreatic cancer protocols [25] [26] [27] [28] , including the study by Conroy et al where compliance for questionnaire completion over time in surviving participants varied between 40-95%. [25, 29] In our study, long-term outcomes on QOL are representative mostly of those participants without disease progression after neoadjuvant therapy who underwent curative surgery. QOL outcomes on patients deemed unresectable after neoadjuvant therapy or who were not resected at the time of operation (i.e. occult metastases) are unknown; therefore, comparisons between patients who underwent surgery and those who were not resected were not possible to make.
Additionally, our study was not powered to analyze the association of individual symptoms with global QOL. For example, the increase in fatigue and limb weakness at re-evaluation after cycle 2 of chemotherapy with subsequent improvement at 12 months implies a causal relationship to the parallel change in physical functioning (EORTC-QLQ C30) and well being (FACT-Hep). Such analysis would be helpful in determining what symptoms contribute most to changes in global QOL and perhaps explain the differences obtained in different instruments. Lastly, our study lacks a control group without neoadjuvant chemoradiation. A previously reported randomized controlled trial comparing adjuvant chemoradiation therapy with observation in pancreatic cancer, demonstrated a better global QOL in the treatment arm with a mean postoperative global QOL score of 73 compared to 82 in our study. These data suggest that the detriment observed in QOL after the administration of neoadjuvant chemoradiation is similar to that observed in the adjuvant setting based on historical controls. [30] Historical comparisons with other neoadjuvant protocols cannot be performed; as to our knowledge, there are no other previous studies in this field. A larger randomized controlled trial evaluating the effect of neoadjuvant chemoradiation therapy on long-term outcomes and QOL is needed. The experience and knowledge gained on studies like ours have led to the design of larger trials that would eventually answer these questions. A large intergroup study (Alliance A021101) is underway evaluating the feasibility of performing such a trial, specifically assessing the accrual rate and treatment-related toxicity and treatment delay during preoperative therapy. [5] The good tolerability of this regimen is in part due to the low dose of radiation used and the small field size (clinical target volume= gross tumor volume plus 1 cm). It would be difficult to compare to the more commonly used 50 Gy -5-FU combination, however; this study provides an important foundation of prospective patient self-reported QOL data that can be used to compare to future regimens combining higher dose radiation therapy -Intensity-Modulated Radiation Therapy (IMRT) / Stereotactic Body Radiation Therapy (SBRT) -with newer chemotherapy regimens such as FOLFIRINOX or gemcitabine / nab-paclitaxel; as such, our study will be one of the first well-designed phase II clinical trials to evaluate the QOL of patients undergoing neoadjuvant chemoradiation therapy for pancreatic cancer and will serve as reference for future neoadjuvant therapy trials.
Strengths of this study include the prospective nature of the phase II multi-center trial and the use of two different scores to determine global QOL, taken from two well-validated QOL instruments, as well as the use of three QOL instruments to evaluate the symptomatology of patients throughout the study period.
In summary, this neoadjuvant regimen can be delivered with good tolerability, albeit with a statistically significant transient decline in global QOL at re-evaluation after 2 cycles of neoadjuvant therapy. This decrease in QOL returns back to baseline levels among those who underwent successful surgery at >6 months following initiation of treatment. This is consistent with other pancreatic cancer studies that show a decline in QOL shortly after neoadjuvant treatment with a subsequent improvement or stabilization of QOL following therapy [22, 25, 29] . The results of this study provide unique data on QOL in the neoadjuvant setting that can be compared to other neoadjuvant regimens for patients with resectable or borderline resectable pancreatic cancer and can be used as a reference for future studies. Clinicians administering this neoadjuvant therapy regimen will find the results of this study useful for the clinical management of their patients and to determine the effect of therapy on patients' QOL. Measurement of health-related QOL in patients with disease progression after neoadjuvant therapy and those who do not undergo surgical resection should be studied further in future trials. Diagram of participants and sample evolution: This is a flow chart of the evaluable patients grouped by analysis (No. 1 and 2) indicating the number of patients with analyzable QOL instruments at each subsequent step and time-point. "Other" refers to one patient removed from study due to non-compliance with treatment protocol. Table 2 Quality of life during after two cycles of neoadjuvant therapy compared to baseline. Table 3 Quality of life for the FACT G and FACT-Hep HCS for the post-surgery period for those undergoing successful resection Table 2 . FACT G and FACT-Hep HCS presented as mean QOL and 95% confidence interval (CI) scores over time. None of these differences were statistically significant (P <0.05).
